1 5 6 [1] {Institute for Radiological Protection and Nuclear Safety, BP17, 92 262 Fontenay aux Roses Cedex, France} 7 [2] {UMR 6249 CNRS Chrono-Environnement, Besançon, France} Abstract 14 This paper aims to demonstrate the technical feasibility of a historical study devoted to French Nuclear 15 Power Plants (NPPs) which can be prone to extreme marine flooding events. It has been shown in the 16 literature that the use of HI can significantly improve the probabilistic and statistical modelling of extreme 17 events. There is a significant lack of historical data about marine flooding (storms and storm surges) 18 compared to river flooding events. To address this data scarcity and to improve the estimation of the risk 19 associated to the marine flooding hazards, a dataset of historical storms and storm surges that hit the Nord-20 Pas-de-Calais region during the five past centuries were recovered from archival sources, examined and 21 used in a frequency analysis (FA) in order to assess its impact on the frequency estimations. This work on 22 the Dunkirk site (representative of the Gravelines NPP) is a continuation of previous work performed on the 23 La Rochelle site in France. Indeed, the frequency model (FM) used in the present paper had some success 24 in the field of coastal hazards and it has been applied in previous studies to surge datasets to prevent marine 25 flooding in the La Rochelle region in France. 26 In a first step, only information collected from the literature (published reports, journal papers and PhD 27 theses) is considered. Although this first historical dataset has extended the gauged record back in time to 28 1897, serious questions related to the exhaustiveness of the information and about the validity of the 29 developed FM have remained unanswered. Additional qualitative and quantitative HI were extracted in a 30 second step from many older archival sources. This work has led to the construction of storms and marine 31 flooding sheets summarizing key data on each identified event. The quality control and the cross-validation 32 of the collected information, which have been carried out systematically, indicate that it is valid and complete 33 as regards extreme storms and storm surges. Most of the HI gathered displays a good agreement with other 34 archival sources and documentary climate reconstructions. The probabilistic and statistical analysis of a 35 dataset containing an exceptional observation considered as an outlier (i.e. the 1953 storm surge) has been 36 significantly improved when the additional HI gathered in both literature and archives are used. As the 37 historical data tend to be extreme, the right tail of the distribution has been reinforced and the 1953 38 "exceptional" event don't appear as an outlier any more. This new dataset provides a valuable source of 39 information on storm surges for future characterization of coastal hazards.
rose as high as in January 1808 was 2 nd February 1791. Unfortunately this source did not provide any 211 information that we can quantify or any information on the meteorological and weather conditions we can use 212 to reconstruct the storm surge value.
213 28/11/1897: What was felt as stormy winds were felt in Ireland on the 27 th November 1897 became an 214 eastward moving storm with gale force winds over Great Britain, Denmark and Norway (Lamb, 1991 
Long-term pregauged HI 247
A historical research devoted to the French NPPs located at the Atlantic and English Channel coast is a 248 genuine scientific challenge due to the timely implementation and the geographic dispersion of the nuclear 249 sites. The process involves the exploration and consultation of a large number of historical sources in a 250 context of a permanent multi-scalar approach. Indeed, NPPs are generally implemented, for obvious safety 251 reasons, in sparsely populated and isolated areas. Ransom that choice, these sites knew little anthropogenic 252 influence in the past. However, this difficulty does not mortgage a historical perspective due to the rich 253 documentary resources for studying an extreme event to different scales ranging from the site itself to that of 254 the Region (Garnier, 2015 and 2017 bis). In addition, this may be an opportunity for researchers and a part 255 of the solution because it also allows a risk assessment at ungauged sites. Wilcoxon test for homogeneity (Wilcoxon, 1945) , the Kendall test for stationarity (Mann, 1945) , and the Wald- 
Settings of the frequency model with HI (POTH) 275
The POTH FM was first applied with a single historical data which is that of 1953 represented by the red bar 
281
Otherwise, HI is most often considered in the FA models for pre-gauging data. Less or no attention has 282 been given to the non-recorded extreme events occurred during the systematic missing periods. As of ordinary intensity and has taken place very recently, it is considered as a systematic data even if this type 286 of data can be managed by the POTH FM by considering them as HI (Hamdi et al. 2015) . The HI gathered is 287 resumed in Table 2 and the POTH sample with a historical period of 72,51 years is presented in Fig. 3 
288
Parameters characterizing datasets including both systematic and HI were introduced in Hamdi et al., (2015) .
289
The HI is used herein as HMax data that complements the systematic record (with an effective duration eff 
294
The maximum likelihood method was selected for its statistical features especially for large series and for 
Results and discussion 302
We report herein the results of the FA applied to the Dunkirk tide gauge. As with any sensitive facility, high
303
Return Levels (RLs) (100, 500 and 1000-year extreme surges, for instance) are needed for the safety of 
327
This is obviously worrying for us because the POTH FM is based on this assumption. Overall using 328 additional data in the local FM has improved the variances associated to the estimation of the GPD 329 parameters but did not conduct to robust estimates with a better fitting (particularly at the right tail, the high To be considered in the FA, a historical storm surge must be well documented; its date must be known and 338 some information on its magnitude must be available. Mostly, available information concerns the impact and 
Historical data sources 341
First, it is important to distinguish between "direct data" (also referred to as "direct evidence") and "indirect 342 data" (also referred to as "proxy data"). The first refers to all information from the archives that describe an centuries and from which it may be possible to estimate water levels reached during extreme events. Mostly,
375
the bibliographical documents are chronicles, annals and memoirs written after the disaster. Finally, for the 376 more recent period available local newspapers have been consulted.
377
Multiplying the sources and trying to crosscheck events allowed us to constitute a database of 81 events.
378
We focused the research on the period between 1500 and 1950, as for most of the time tide gauge 379 observations are available after 1950. The first event took place in 1507 and the last in 1995. Depending on 380 how it is mentioned in the archive and as shown in the left panel of Fig. 3 , the collated events were splited in 381 two groups. Storm surge events are events, where there is a clear mention of flooding within the sources.
382
Are considered as storms, events where only information about strong wind and gales are available. Except
383
for 19 th century, we have much more storm surge events, than storms events. All the gathered events are 384 summarized in table 4.
385

Data quality control 386
All types of data require quality control and need to be corrected and homogenized if necessary to ensure 387 that the data are reflecting real and natural variations of the studied phenomena rather than the influence of 388 other factors. This is particularly the case for historical data that have been taken in different site conditions 389 and have not been taken using modern standards and techniques (Brázdil et al., 2010) . As mentioned 390 earlier, archival documents are of different natures and qualities. We therefore decided to classify them by 391 their degree of reliability according to a scale ranging between 1 and 4:
392
-The degree 1: not very reliable historical source (it is impossible to indicate the exact documentary origin).
393
It is particularly the case for historical information found in the web.
394
-The degree 2: information found in scientific books talking about storms without clearly mentioning the -The degree 4: is the highest level of reliability. Information is taken in a primary source (e.g., an original 399 archival report talking about a storm written by an engineer in the days following the event).
400
Although the information classified as a category 1 document is not very reliable, it still gives the 401 information that something happened at a date and is therefore not definitely ignored. Typically this type of 402 document needs to be crosschecked with other documents. As shown in Fig. 3 (to the right) , the 403 classification of the data reveals a good reliability of gathered information as there are no sources classified 404 in category 1 and less than 10% of the sources are in category 2. It is worth noting that paradoxically, the 405 older the information, the more reliable the archival document is. 
The historical surge dataset 407
As shown in Section 3, relatively recent events (1897, 1949, 1953 and 1995) have already been quantified 408 and integrated into a FM by assuming that our sources are reliable. It has also been shown that, a database 409 of 75 events (occurred in the period between 1500 and 1950) was constituted. The concern is that it is not 410 always possible to quantify a storm surge or a sea level from the information gathered for each event. We 
434
The 1720 event is a memorable event for the city of Dunkirk, as the spring tide was increased by the is greater than the 1767 one. A plausible explanation is that the 1767 event was occurred when the tide was 523 higher than that of 1763.
524
For the Dunkirk series, it is interesting to see that it is easier to quantify events from the 18 th century, as RLs. In other words, it is important that the developed model is not very sensitive (in terms of RLs used as 564 design bases) to a modification in the data regarding very few events. As a matter of fact, the model owes 565 this robustness to the exhaustiveness of the available information.
566
-The relative widths of CIs with no archival HI included are 1.5 times larger than those given by the full 567 model. This means that the user of the developed model is more confident in the estimations when using 568 the additional HI gathered in the archives.
569
After collecting HI about the most extreme storm surge events in the 18 th and 20 th centuries, it was first constitutes the main result of this paper.
590
The conclusions drawn in previous studies were examined in greater depth in the present paper. Indeed,
591
on the basis of the results obtained previously (Hamdi et al, 2015) and in the present paper, the following 592 conclusions are reached:
593
-The use of additional historical information over longer periods than the gauging one, can significantly 594 improve the probabilistic and statistical treatment of a dataset containing an exceptional observation 595 considered as an outlier (i.e. the 1953 storm surge).
596
-As the historical information gathered in both literature and archives tend to be extreme, the right tail 597 distribution has been reinforced and the 1953 "exceptional" event don't appear as an outlier any more.
598
-As this additional information is exhaustive (relatively to the corresponding historical periods), the RLs of 599 interest had increased very slightly and the confidence intervals were reduced significantly.
600
An in-depth study could help to thoroughly improve the quantification method of the historical surges and 
